Cardiac resynchronization therapy (CRT) with biventricular pacing is an established therapy for heart failure (HF) patients (P) with ventricular desynchronization and reduced left ventricular (LV) ejection fraction. The aim of this study was to evaluate electrical right atrial (RA), left atrial (LA), right ventricular (RV) and LV conduction delay with novel telemetric signal averaging electrocardiography (SAECG) in implantable cardioverter defibrillator (ICD) P to better select P for CRT and to improve hemodynamics in cardiac pacing. Methods: ICD-P (n=8, age 70.8 ± 9.0 years; 2 females, 6 males) with VVI-ICD (n=4), DDD-ICD (n=3) and CRT-ICD (n=1) (Medtronic, Inc., Minneapolis, MN, USA) were analysed with telemetric ECG recording by Medronic programmer 2090, ECG cable 2090AB, PCSU1000 oscilloscope with Pc-Lab2000 software (Velleman®) and novel National Intruments LabView SAECG software. Results: Electrical RA conduction delay (RACD) was measured between onset and offset of RA deflection in the RAECG. Interatrial conduction delay (IACD) was measured between onset of RA deflection and onset of far-field LA deflection in the RAECG. Interventricular conduction delay (IVCD) was measured between onset of RV deflection in the RVECG and onset of LV deflection in the LVECG. Telemetric SAECG recording was possible in all ICD-P with a mean of 11.7 ± 4.4 SAECG heart beats, 97.6 ± 33.7 ms QRS duration, 81.5 ± 44.6 ms RACD, 62.8 ± 28.4 ms RV conduction delay, 143.7 ± 71.4 ms right cardiac AV delay, 41.5 ms LA conduction delay, 101.6 ms LV conduction delay, 176.8 ms left cardiac AV delay, 53.6 ms IACD and 93 ms IVCD. Conclusions: Determination of RA, LA, RV and LV conduction delay, IACD, IVCD, right and left cardiac AV delay by telemetric SAECG recording using LabView SAECG technique may be useful parameters of atrial and ventricular desynchronization to improve P selection for CRT and hemodynamics in cardiac pacing.
Introduction
Cardiac resynchronization therapy with biventricular pacing is an established therapy for heart failure patients with ventricular desynchronization and reduced left ventricular (LV) ejection fraction. The aim of this study was to evaluate electrical right atrial (RA), left atrial (LA), right ventricular (RV) and LV conduction delay with novel telemetric signal averaging electrocardiography in implantable cardioverter defibrillator patients to better select patients for cardiac resynchronization therapy and to improve hemodynamics in cardiac pacing. [1] [2] [3] [4] .
Methods
Implantable cardioverter defibrillator patients (n=8, age 70.8 ± 9.0 years; 2 females, 6 males) were analysed with surface ECG and telemetric RA and/or RV and/or LV ECG recording by Medronic programmer 2090 ( Fig. 1) , ECG cable 2090AB, PCSU1000 oscilloscope with PcLab2000 software (Velleman®) and novel National Instruments LabView signal averaging ECG software [5] [6] [7] . 
Dual chamber implantable cardioverter defibrillator
In 3 RA and RV pacing mode patients with dual chamber implantable cardioverter defibrillators (DDD-ICD, Medtronic, Inc., Minneapolis, MN, USA), RA ECG, RV ECG, RV Shock ECG and surface ECG were analysed with novel signal averaging ECG technique (Fig. 3) . 
Cardiac resynchronization therapy implantable cardioverter defibrillator
In 1 RA sensing, RV pacing and LV pacing mode patient with cardiac resynchronzation therapy implantable cardioverter defibrillator (CRT-ICD, Medtronic, Inc., Minneapolis, MN, USA), RA ECG, RV ECG, RV Shock ECG, LV ECG and surface ECG were analysed with the novel signal averaging ECG technique (Fig. 4) . 
Results
Novel telemetric signal averaging technique ECG recording was possible in all patients with single chamber implantable cardioverter defibrillators, dual chamber implantable cardioverter defibrillators and cardiac resynchronization therapy system (100 %).
Electrical right atrial and interatrial conduction delay
Electrical RA conduction delay was measured between onset and offset of RA deflection in the RA signal averaging ECG (Fig. 5) . Electrical interatrial conduction delay was measured between onset of RA deflection and onset of farfield LA deflection in the RA signal averaging ECG.
Figure 5
Example of dual chamber implantable cardioverter defibrillator (Marquis DR 7274, Medtronic, Inc., Minneapolis, MN, USA) with 29 ms electrical right atrial conduction delay, 75 ms QRS duration and 82 ms right cardiac atrioventricular delay analysed with National Instruments LabView signal averaging ECG software [5] . Atip / Aring -telemetric bipolar signal averaged right atrial ECG, II -signal averaged surface ECG lead II.
Electrical right ventricular and interventricular conduction delay
Electrical RV conduction delay was analysed between onset and offset of RV deflection in the RV signal averaging ECG (Fig 6) . Electrical interventricular conduction delay was measured between onset of RV deflection in the RV signal averaging ECG and onset of LV deflection in the LV signal averaging ECG.
Figure 6
Example of single chamber implantable cardioverter defibrillator (Marquis VR 7230Cx, Medtronic, Inc., Minneapolis, MN, USA) with 20 ms electrical right ventricular conduction delay, 86 ms QRS duration and 103 ms right cardiac atrioventricular delay analysed with National Instruments LabView signal averaging ECG software [5] . Vtip / Vring -telemetric bipolar signal averaged right ventricular ECG, III -signal averaged surface ECG lead III.
Telemetric signal averaging ECG analysis
Telemetric signal averaging ECG recording was possible in all implantable cardioverter defibrillator patients with a mean of 11.7 ± 4.4 signal averaging ECG heart beats, 97.6 ± 33.7 ms QRS duration, 81.5 ± 44.6 ms RA conduction delay, 62.8 ± 28.4 ms RV conduction delay, 143.7 ± 71.4 ms right cardiac atrioventricular delay, 41.5 ms LA conduction delay, 101.6 ms LV conduction delay, 176.8 ms left cardiac atrioventricular delay, 53.6 ms interatrial conduction delay and 93 ms interventricular conduction delay (Fig. 7) .
Figure 7
Example of single chamber implantable cardioverter defibrillator (Maximo II VR D264VRM, Medtronic, Inc., Minneapolis, MN, USA) and SVC signal averaging ventricular shock ECG using National Instruments LabView signal averaging ECG software [5] . HVA / SVCtelemetric bipolar signal averaged ventricular shock ECG.
Conclusions
Determination of electrical RA, LA, RV and LV conduction delay, interatrial conduction delay, interventricular conduction delay, right and left cardiac atrioventricular delay by novel telemetric signal averaging ECG recording using LabView signal averaging ECG technique may be useful parameters of atrial and ventricular desynchronization to improve P selection for cardiac resynchronization therapy and hemodynamics in cardiac pacing.
